INTRODUCTION {#sec1-1}
============

Treating proximal humeral fractures remains a challenge, as complications and failures are not rare. We report on a fracture of the proximal humerus with associated pectoralis major disruption. Although a proximal humeral fracture with avulsion of the pectoralis major has a specific radiographic appearance and requires a specific treatment, it cannot be classified in any of the contemporary classification systems. The more recent distinct classification system for proximal humeral shaft fractures introduced by Stedtfeld and Biber\[[@ref1]\] does not allow the inclusion of this fracture type either. Nevertheless, recognizing the pathological anatomy of this fracture allows a specific treatment strategy.

Diagnostic technique of a proximal humeral fracture with avulsion of the pectoralis major {#sec2-1}
-----------------------------------------------------------------------------------------

Understanding and recognizing the pathological anatomy of a proximal humeral fracture are essential to determine the optimal treatment. Several classifications have been conceived, but they focus mainly on the number of fractured parts of the humerus and their anatomical location (humeral head, greater tuberosity, lesser tuberosity, and diaphysis).\[[@ref2][@ref3][@ref4]\]

Recently, more interest was given to the degree of comminution of the fractured parts and the displacement of the humeral diaphysis, as it appeared to have distinct prognostic implications: A medial comminution has a tendency to displace in varus and to result in a symptomatic malunion or pseudarthrosis of the collum chirurgicum;\[[@ref5][@ref6]\] a thin and comminuted greater tuberosity has a greater tendency of fading or resorbing;\[[@ref7]\] a lateral displacement of the humeral diaphysis of more than 5 mm has a higher probability to develop an osteonecrosis.\[[@ref5]\]

In our limited experience, a posterolateral displacement of the humeral shaft, further than the outer lateral cortex of the proximal humerus is important to recognize as a separate pathological entity, as this displacement seems to be indicative for a disruption of the pectoralis major, either a rupture of the tendon or an avulsion fracture. To our knowledge, only one case report of this combined injury with its typical displacement of the shaft has been published.\[[@ref8]\]

This fracture type should be considered as a separate entity for several reasons. First, a humerus fractured through its surgical neck is driven into varus because of the action of the rotator cuff muscles on the tuberosities on the proximal part, and because of the ascending force of the deltoid on the distal part. The pectoralis major muscle antagonizes the forces exerted by the supraspinatus and deltoid muscles in the adducted arm. Disruption of the pectoralis major will, therefore, only increase this varus force. Second, the fractures displaced more than 1 cm are usually caused by high-energy trauma, and therefore, often accompanied by severe comminution. Comminution of the medial wall, the so-called calcar, compromises the ability to withstand the tendency to displace in varus.\[[@ref5]\]

In our experience, the lateral plating alone is often insufficient, as shown in our first case. In our second case, the fracture type is different as it is located more distally, and the calcar itself is not involved. Nevertheless, although the same forces apply, a centromedullary device is able to prevent the secondary displacement of the proximal humerus. In this specific case, the pectoralis major avulsion fracture was not addressed, leaving the patient with a clinical condition comparable with conservatively treated pectoralis major tendon avulsion.\[[@ref9][@ref10]\]

Clinical series of patients {#sec2-2}
---------------------------

### Case 1 {#sec3-1}

A 33-year-old man was injured in his upper body by a falling metal fence. He was admitted to the emergency department of the University Hospital Ghent. Clinically, he had no apparent neurovascular dysfunction of the left arm. More specifically, the sensory function of the axillary nerve was normal. Motor evaluation of the upper arm was impossible due to pain inhibition. Plain X-ray \[[Figure 1](#F1){ref-type="fig"}\] showed a comminuted two-part surgical neck fracture of the humerus, with a proximal, lateral and posterior displacement of the humeral shaft. Computed tomography scan confirmed this position of the distal part and showed an undisplaced fracture of the greater tuberosity.

![Plain anteroposterior X-ray of the two-part surgical neck fracture. Notice the proximal and lateral displacement of the distal fragment, further than the lateral cortex of the proximal fragment](IJSS-10-44-g001){#F1}

The patient underwent an open reduction and internal fixation with plate and screw (S3 Humeral Plate System; DePuy, Kirkel-Limbach, Germany) on the same day. Through a standard deltopectoral approach, a bare area on the anterior aspect of the humeral shaft, corresponding to the pectoralis major insertion site, was noticed. Further exploration revealed a complete rupture of the pectoralis major at the level of its insertion with retraction of the tendinous part. The tendon was identified and tagged with five Ethibond n° 5 sutures (Ethicon, Inc., Somerville, New Jersey). Reduction and internal fixation of the three-segment two-part proximal humerus fracture were performed with a plate \[[Figure 2](#F2){ref-type="fig"}\]. The insertional site of the pectoralis major on the anterior aspect was debrided of remnant tendon, with minimal abrasion of the anterior cortex. The Ethibond sutures were then passed through the plate holes near the anatomical insertion site of the pectoralis major tendon.

![Plain anteroposterior X-ray after open reduction and internal fixation on the first postoperative day](IJSS-10-44-g002){#F2}

Postoperatively, an adduction sling was used for 6 weeks. Passive mobilization was started immediately, without external rotation. The early postoperative period was uneventful. At 6 weeks, the patient was allowed to start active mobilization, without external rotation over 30°, until 12 weeks postoperatively.

At clinical examination 3 months postoperatively, passive external rotation was limited: External rotation in adduction was 20° versus 90° on the unaffected side, external rotation in 90° abduction was 30° versus 90° on the unaffected side.

One year postoperatively, the patient did not recover his preinjury level of performance. His absolute Constant-Murley score reached 76/100 (12/15 pain; 18/20 activities of daily living \[ADL\]; 40/40 mobility; and power 6/25) versus 91/100 (15/15 pain; 20/20 ADL; 40/40 mobility; and power 16/25) at the unaffected side with only restrictions for power. X-ray confirmed consolidation of the proximal humeral fracture, with varus malunion, and shortening of the medial column \[[Figure 3](#F3){ref-type="fig"}\].

![Plain anteroposterior X-ray of the two-part proximal humerus fracture. Notice the lateral displacement of the distal fragment, further than the lateral cortex of the proximal fragment](IJSS-10-44-g003){#F3}

### Case 2 {#sec3-2}

A 36-year-old man consulted the out-patient clinic 1-year after a work-related trauma. He sustained a posterior fracture dislocation of the right hip and a two-part proximal humeral fracture at the meta-diaphyseal level of the left shoulder. Plain X-ray of the shoulder \[[Figure 4](#F4){ref-type="fig"}\] showed a comminutive fracture of the humerus with lateral displacement of the shaft. Open reduction and internal fixation of the posterior acetabular rim were performed and intramedullary fixation of the humerus. Postoperative radiograph \[[Figure 3](#F3){ref-type="fig"}\] showed a very satisfactory reduction. The early postoperative period was uneventful.

![Plain anteroposterior X-ray after intramedullary fixation on the first postoperative day](IJSS-10-44-g004){#F4}

One year later, the patient still experienced pain, aggravating at night. On clinical examination, the elevation was limited to 80°, and he had a general atrophy of his left upper arm. Electromyography revealed a recovering brachial plexus injury. Constant-Murley score\[[@ref2]\] reached only 44/100 (10/15 pain; 12/20 ADL; 22/40 mobility; and power 0/25) versus 93/100 (15/15 pain; 20/20 ADL; 40/40 mobility; and power 18/25) for the unaffected side. Besides the loss of power and limited range of motion, he experienced an induration at the anterior fold of his axilla. At the outpatient visit, 1-year after the injury, plain X-ray \[[Figure 3](#F3){ref-type="fig"}\] showed a nonunion of a butterfly fragment that was displaced from its initial site. It was located in the anterior fold of the axilla. Ultrasound and CAT-scan \[[Figure 5](#F5){ref-type="fig"}\] confirmed its position and showed the continuity of the fragment with the pectoralis major muscle. Due to the predominantly neurogenic pain complaints, related to the recovering brachial plexus lesion, it was decided not to repair the pectoralis major tendon avulsion and to continue physiotherapy.

![Computed tomography scan of the nonunited fragment, confirming continuity with pectoralis major](IJSS-10-44-g005){#F5}

CONCLUSION {#sec1-2}
==========

We report on a specific and easily recognizable entity of proximal humeral fractures that requires a specific surgical approach: A two-part surgical neck fracture with the displacement of the humeral shaft lateral and posterior to the outer cortex of the proximal humerus, appears to be accompanied by a rupture or avulsion of the pectoralis major muscle, and requires an open reduction and internal fixation of the fracture through a deltopectoral approach, whether or not reinforced with a centromedullary allograft, and repair of the pectoralis major either with suture anchors or by transosseous repair.
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